Introduction
An intrinsic circadian timing system enables organisms to adapt to daily light-dark and temperature cycles on earth. In mammals, the central circadian pacemaker is the suprachiasmatic nucleus (SCN), which consists of 20 000 heterogeneous neurons in the hypothalamus, above the optic chiasm. This central pacemaker orchestrates a range of rhythmic processes, the most prominent being the 24-h sleep-wake cycle, through its direct regulation of downstream neurons, but also by synchronizing cell-autonomous oscillators throughout the body. Within clock cells, a molecular clockwork sustains the rhythmic expression of clock genes. How this molecular oscillator generates a 24-h period that couples to the daily environmental cycle has been the subject of extensive investigation over the past two decades.
Studies of circadian clocks in mammals, flies, fungi, and cyanobacteria have revealed a remarkably conserved molecular framework for circadian timing. Although extreme circadian disruptions are rare in humans, a large proportion of the human population may have internal circadian periods that do not synchronize appropriately with the daily light-dark cycle, or with work or social schedules. Accumulating evidence demonstrates that mismatches of our body clock with the environment have adverse health effects [1] [2] [3] . Thus, understanding the basic mechanisms of circadian period determination is of great interest to researchers and clinicians alike. In this review we examine the contributions of multiple temporally gated events in the molecular clock, such as circadian transcription and translation, clock protein phosphorylation and degradation, and nuclear retention and suppression of transcription in setting the speed of the circadian clock in fruit flies and mammals. We also discuss how hardwired components of the clock machinery integrate with intracellular signaling pathways and components of energy metabolism to regulate the circadian period.
Transcriptional regulation of the circadian period
The basic molecular circadian oscillator in eukaryotes consists of a transcriptional activator and a repressor, such that the activator drives transcription of the repressor mRNA and accumulated repressor protein feeds back to inhibit the activator (Figure 1a ). While we still do not know exactly how this feedback loop is maintained and how it generates a 24-h period; the thinking is that it requires delays between various steps of the cycle. It is known that post-transcriptional and post-translational mechanisms generate a delay between repressor mRNA and protein accumulation in the cytoplasm, and a delay in the nuclear expression of the repressor protein, which results in sequential activation and repression of clock gene expression (Figure 1b) . In addition to this major negative feedback loop, another feedback loop positively and negatively regulates transcription of the activator gene (Figure 1a) . Importantly, positive and negative feedback regulation of clock genes also exists in prokaryotes such as cyanobacteria, although transcriptional mechanisms are not necessary for rhythm generation in cyanobacteria [4] .
In Drosophila, the activator is a heterodimeric complex of CLOCK (CLK) [5] and CYCLE (CYC) proteins [6] . Both CLK and CYC are constitutively expressed in the nucleus [7, 8] , and they heterodimerize and bind to E-box enhancer elements (motif cacgtg) in the promoters of the repressor genes period [9-12] and timeless [13] [14] [15] to activate their transcription during the day (Figures 2 and 3) [5, 6, 16, 17] . Expression of PER and TIM is delayed relative to their RNAs, such that RNA expression peaks at the end of the day and protein peaks in the middle of the night. Increased accumulation of PER-TIM in the nucleus inhibits CLK-CYC activity, and hence repression of transcription in the late night and early morning [17] [18] [19] . Degradation of PER
